ABSTRACT Purpose. The optimal treatment strategy for ductal carcinoma in situ (DCIS) continues to evolve and should consider the consequences of initial treatment on the likelihood, type, and treatment of recurrences. Methods. We conducted a retrospective cohort study using two data sources of patients who experienced a recurrence (DCIS or invasive cancer) following breastconserving surgery (BCS) for index DCIS: patients with an index DCIS diagnosed from 1997 to 2008 at the academic institutions of the National Comprehensive Cancer Network (NCCN; N = 88) and patients with an index DCIS diagnosed from 1990 to 2001 at community-based integrated healthcare delivery sites of the Health Maintenance Organization Cancer Research Network (CRN) (N = 182). Results. Just under half of local recurrences in both cohorts were invasive cancer. While 40 % of patients in both cohorts underwent mastectomy alone at recurrence, treatment of the remaining patients varied. In the earlier CRN cohort, most other patients underwent repeat BCS (39 %) with only 18 % receiving mastectomy with reconstruction, whereas only 16 % had repeat BCS and 44 % had mastectomy with reconstruction in the NCCN cohort. Compared with patients not treated with radiation, those who received radiation for index DCIS were less likely to undergo repeat BCS (NCCN: 6.6 vs. 37 %, p = 0.001; CRN: 20 vs. 48 %, p = 0.0004) and more likely to experience surgical complications after treatment of recurrence (NCCN: 15 vs. 4 %, p = 0.17; CRN: 40 vs. 25 %, p = 0.09). Conclusion. We found that treatment of recurrences after BCS and subsequent complications may be affected by the use of radiotherapy for the index DCIS. Initial treatment of DCIS may have long-term implications that should be considered.
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With increasing adoption of screening mammography, the incidence of ductal carcinoma in situ (DCIS) has risen dramatically over the past 25 years. 1 Currently, DCIS represents half of the malignancies diagnosed by mammographically-directed biopsies [2] [3] [4] [5] and over one-quarter of new breast cancer diagnoses in the US. 1, 6 Despite the large number of women affected by this disease, the optimal treatment approach remains controversial and continues to evolve.
Given that DCIS does not metastasize, management focuses on local control to prevent progression to invasive carcinoma. Four randomized clinical trials have assessed the benefit of radiation therapy (XRT) after breast-conserving surgery (BCS) in patients with DCIS. [7] [8] [9] [10] All have demonstrated that XRT reduces the risk of a second ipsilateral event by 50-60 %. While these local recurrences are equally likely to be DCIS or invasive cancer with its inherent risk of regional and/or distant metastases, no trial demonstrated a difference in survival.
Despite these trials, uncertainty about the best approach persists in practice. Population-based analyses show that approximately half of the patients with DCIS receive XRT following breast conservation while half do not, although use of radiotherapy has increased substantially over time. [11] [12] [13] In addition, there is significant geographic variation in the utilization of XRT following BCS for DCIS. 11 Taken together, these observations imply a lack of consensus on the role of radiation in this setting, perhaps due to differences in interpretation of how the only two outcomes currently reported in the clinical trials data, namely recurrence and survival, should impact practice.
While it is not often discussed as such, the treatment of DCIS is preventive. 29 The goal of treatment is to avoid progression to an invasive cancer with its associated risk of metastases. A decrease in local recurrence is a clear advantage of adding radiation to the treatment regimen for index DCIS, but there are also disadvantages to this approach. The desire to avoid radiation is the motivation behind ongoing work to risk-stratify patients in order to make more informed decisions regarding the use of radiation in this setting.
14 Standard external beam radiation usually requires 6 weeks of daily treatments that can be logistically difficult for many patients. While newer approaches such as hypofractionation, partial breast irradiation, and brachytherapy attempt to overcome this limitation, they are not yet standard of care in the treatment of DCIS. [15] [16] [17] [18] [19] [20] Furthermore, XRT may impede wound healing and increase complication rates, as well as complicate decision making should a patient experience a local recurrence. [21] [22] [23] Although reports utilizing adjuvant brachytherapy for recurrence are increasing, most practitioners will not offer repeat BCS in the setting of prior radiation (especially for an invasive recurrence) as it is not usually given to the same breast more than once due to the limits of normal tissue tolerance. [24] [25] [26] Should a mastectomy be required, reconstruction is more challenging, particularly implant or tissue expander-based reconstruction, given scarring and the decreased pliability of the chest wall after radiation. 21, 27 Despite the likely long-term impact on patient-reported outcomes, there are currently few data to help patients and providers account for these consequences of treatment decisions for index DCIS. We sought to help address this evidence gap by characterizing the type and treatment of local recurrence after DCIS as a function of initial treatment decisions.
METHODS

Study Design
This is a retrospective cohort study of patients using two existing data sources: the National Comprehensive Cancer Network (NCCN) Oncology Outcomes Database and the Cancer Research Network (CRN) DCIS study. 13 Figures 1 and 2 provide an overview of the identification of the two analytic cohorts.
National Comprehensive Cancer Network (NCCN) Since 1997, the NCCN Oncology Outcomes Database has prospectively collected patient and tumor characteristics, treatments, and outcomes for women with newly diagnosed breast cancer (including DCIS) receiving surgery or systemic therapy for the incident cancer at participating NCCN member institutions. Data from the medical records are collected prospectively at baseline, 4, 9, and 18 months following the first visit date at the NCCN and annually thereafter by trained abstractors at each institution. Rigorous data quality-assurance processes were in place for the study, including initial and follow-up data management training; online edit checking during webbased data entry; programmed logic checks against the pooled data repository; routine quality assurance reports to the centers for rectification by the data managers; and During the study period, 4,577 index DCIS patients were identified. Among these, 2,939 patients underwent BCS, 1,638 were treated with mastectomy. Of those treated with BCS, 81 % had adjuvant XRT. Patients included in this analysis had an initial index diagnosis of DCIS treated with BCS at one of the NCCN institutions between 1 July 1997 and 31 December 2008 and were diagnosed with an ipsilateral recurrence as their first recurrent site at least 90 days after presentation (N = 88). Demographic, clinical, and treatment data were collected at the time of the index diagnosis. At the time of recurrence, we obtained disease characteristics as well as information on definitive surgical treatment (BCS, mastectomy, and mastectomy with reconstruction). If patients had multiple documented operations in the NCCN Outcomes Database (e.g. BCS and subsequent mastectomy), the patient's medical record was reviewed to determine the first attempt at definitive treatment. For patients who received mastectomy as their definitive surgery, the receipt of breast reconstruction was determined by identifying a procedure date for a breast reconstruction surgery code that occurred within 365 days of the procedure code for mastectomy and prior to the date of an additional recurrence. Major complications that required a repeat procedure, such as incision and drainage, wound evacuation, and flap debridement, were collected if noted in the medical record. Minor complications such as seromas or wound infections treated with antibiotics were not recorded.
The Health Maintenance Organization (HMO) Cancer
Research Network The CRN is a consortium of 14 community-based integrated healthcare delivery systems with more than 12 million enrollees. The CRN DCIS study included 2,995 patients diagnosed between 1990 and 2001 with a first primary unilateral DCIS treated with BCS at Kaiser Permanente Northern California (KPNC), Kaiser Permanente Southern California (KPSC), and Harvard Pilgrim Health Care (HPHC). 13 Patients were eligible if they were \85 years of age at diagnosis. Exclusion criteria included mastectomy within 6 months of diagnosis or care for the index DCIS from medical providers outside the three health plans (\3 %).
A standardized medical record review by trained abstractors was conducted to identify recurrences and to confirm diagnosis and treatment information obtained from the cancer registry (KPNC and KPSC) or the electronic medical record (HPHC). Information was also abstracted on age at diagnosis, race, family history of breast cancer, body mass index, method of DCIS detection, and presence of re-excision or other breast surgery.
Follow-up for recurrences began 6 months after diagnosis of DCIS and ended at the time of recurrence, prophylactic mastectomy of the ipsilateral breast (i.e. not for recurrence), diagnosis of contralateral breast cancer, diagnosis of other non-breast invasive cancer, death, or last chart note. For the current study, a secondary chart review by trained abstractors was performed at KPNC and HPHC on patients who had recurrences (n = 182). Information was abstracted on the pathology and treatment of the recurrence, as well as both major and minor postoperative complications. Additionally, for quality assurance a blinded re-review was conducted on 10 % of the 182 patient records which resulted in close to 100 % agreement for all additional variables. In particular, for type and timing of reconstruction, there was 100 % agreement.
Data Analysis
We examined the patient, tumor, and treatment characteristics at index DCIS for each of the cohorts. We then determined the proportion of patients who received mastectomy alone, BCS, or mastectomy with reconstructions at the time of recurrence. We also identified the timing and type of reconstructive procedure in the subset of patients undergoing reconstruction within each cohort. Specifically, we report the proportion undergoing immediate versus delayed reconstruction and the proportion receiving tissue expander or implant reconstruction versus autologous tissue flap reconstruction. For this analysis, reconstructions that included both an implant and an autologous tissue flap (e.g. latissimus dorsi rotational flap) were considered as autologous tissue. We also evaluated major surgical complications, including incision and drainage, wound evacuation, flap debridement, or other complications related to surgery.
We then compared choice of surgical procedure, type and timing of reconstruction, and rate of surgical complications for patients who received adjuvant radiation treatment at the time of their index DCIS with those who underwent BCS alone. The NCCN and CRN data are each evaluated separately given the distinct characteristics of their populations and the different time periods represented. Statistical testing was performed using Fisher's exact test, Chi square, or t test, as appropriate. All analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Characteristics and Treatment of Ipsilateral
Recurrence Following Ductal Carcinoma In Situ (DCIS) Table 1 describes the two cohorts included in this analysis, including variables related to sociodemographics, treatment of index DCIS, and tumor characteristics of the ipsilateral recurrence. In each cohort, just under half of the recurrences were invasive cancer, with 8.5 % experiencing a node-positive recurrence. Approximately 40 % of patients in each cohort underwent a mastectomy alone at the time of their recurrence; however, there were significant differences in the treatment of the remaining patients 
The Impact of Radiation on Local Treatment of Ipsilateral Recurrence Following DCIS
Among patients who recurred in the NCCN cohort, 69 % of patients had received adjuvant radiation at the time of their index DCIS compared with 33 % in the CRN cohort. There was no statistically significant difference in age, body mass index, or race for patients who received radiation following BCS for their index DCIS compared with those who did not (Table 2 ). There was also no statistically significant difference in time to recurrence. Patients who received radiation were significantly less likely to undergo repeat BCS than those who did not receive radiation (NCCN: 6.6 vs. 37 %, p = 0.001; CRN: 20 vs. 48 %, p = 0.0004). Among patients who did not receive radiation for the index DCIS and received reconstruction for the recurrence, approximately 85 % in both cohorts received reconstruction with implants or tissue expanders. As for patients who received radiation for the index DCIS and received reconstruction for the recurrence, only 7 of 32 (22 %) patients in the NCCN cohort received implants or tissue expanders, while the likelihood remained 8 of 10 (80 %) in the CRN cohort. Major complications following an operation for recurrence occurred in 9 of 61 (15 %) patients who had received radiation for their index DCIS compared with 1 of 27 (4 %) of those who had not at NCCN institutions, but this observed difference did not reach statistical significance (p = 0.17). Within the CRN cohort, surgical complications were also observed more commonly in patients who had received radiation at the time of their index treatment (24 of 60 (40 %) vs. 30 of 122 (25 %), p = 0.09).
DISCUSSION
The study of the longer-term impact of initial treatment options for DCIS has been limited due to the lack of an appropriate cohort with sufficient numbers of patients with local recurrence following treatment of an index DCIS. To address these inherent limitations, we studied the impact of initial treatment choice on the operative treatment decisions and postoperative complications in two multiinstitutional cohorts of patients with local recurrence following BCS for index DCIS, namely the NCCN Oncology Outcomes Database and the CRN DCIS Study.
We found that a similar number of patients in both cohorts underwent mastectomy alone at recurrence, but that treatment of the remaining patients was different. In the CRN cohort, most patients underwent repeat BCS, while few received mastectomy with reconstruction. The opposite was true in the NCCN cohort where only a minority of patients had repeat BCS and the majority had mastectomy with reconstruction. This difference reflects, at least in part, variation in the utilization of post-BCS radiation for index DCIS in the two cohorts. Results of the original CRN DCIS study, with diagnosis years from 1990 to 2001, reported that 53 % of patients treated with BCS received XRT as part of their index treatment; with XRT increasing from 26 % in the early 1990s to 61 % by the early 2000s. 13 In contrast, the rate of post-BCS radiation in the NCCN cohort (diagnosis years 1997-2008) was 81 % (results not published). While this in part may reflect institutional differences, the differences likely also reflect the general increase over time in the use of XRT for patients treated with BCS. Patients in both cohorts who had been previously irradiated had lower rates of repeat BCS for recurrence, but the magnitude of the difference was greater in the NCCN due to the higher rates of initial radiation. Within the CRN, the twofold decrease in the use of repeat BCS corresponded to a twofold increase in the use of mastectomy alone, suggesting that patients who would have received BCS had they not been irradiated, received mastectomy alone in the setting of prior radiation. In contrast, the likelihood of mastectomy alone was similar regardless of previous irradiation within the NCCN despite the large decrease in the use of BCS, suggesting these patients went on to receive mastectomy with reconstruction.
Previous irradiation was associated with a twofold increase in the likelihood of mastectomy with reconstruction in the NCCN cohort, while there was no difference in the likelihood of mastectomy with reconstruction based on radiation in the CRN cohort. Our results suggest that patients who have received prior radiation may be candidates for reconstruction at the tertiary cancer centers within the NCCN, but perhaps less likely in other settings. This may relate to the increased use of autologous tissue flaps at NCCN centers. In the CRN cohort, 80 % of all patients, regardless of receipt of previous radiation, had TE or implants. While a similar likelihood was seen for NCCN patients who had not received radiation, in the setting of radiation 80 % received tissue flap reconstruction. This suggests that NCCN centers may offer autologous flaps to patients who are not candidates for TE/implants due to prior irradiation, while CRN sites may choose not to offer any type of reconstruction. However, caution must be used in interpreting these results as it is unclear how much of this difference reflects the difference in timing of the study periods for the two cohorts. Yang and colleagues reported a threefold increase in the use of immediate breast reconstruction between 2000 and 2009. 28 These two cohorts were chosen because they offset each other's limitations to provide a more generalizable understanding of the impact of initial treatment for DCIS at the time of recurrence. Limited follow-up within the NCCN led to small numbers of patients in the recurrent cohort. Moreover, only major complications were abstracted, leading to a possible underestimation of the true impact of radiation on postoperative complications at the time of recurrence. This explains the difference in complication rates between the cohorts. Additionally, practice at the tertiary cancer centers which comprise the NCCN cohort may not reflect general practice across the US. The use of CRN data addresses these limitations by providing a significantly larger and more diverse cohort of patients experiencing a recurrence following BCS for an index case of DCIS. Additionally, we were able to collect more detailed complication data for this cohort.
Despite this approach, our study remains limited by a small sample size prohibiting multivariable or stratified analysis and described differences in the populations and time periods preclude the use of both data sources for a composite analysis. While we were able to document significant variation in age, suggesting that operative risk and life expectancy are considered in treatment decisions following a recurrence, we do not have sufficient power to control for this in our analysis. In addition, there are a number of other factors that influence decision making for DCIS, such as extent of disease, receptor status, and histologic grade, which were not reliably available in these datasets. Future work is needed to understand the roles that these factors play in treatment decisions at the time of recurrence. In addition, the increased rate of complications observed may reflect the increased use of more extensive surgical interventions following radiation (i.e. these patients were more likely to have mastectomy or mastectomy with reconstruction with their increased risk of complications), but we were underpowered to investigate this further. Breast cancer care accounts for the largest healthcare expense in oncology, with the majority of cost associated with treatment of early-stage disease. 29 Therefore, determining the optimal approach to the treatment of DCIS has important implications, not only for individual patients but also for the American healthcare system. Yet, despite its prevalence, DCIS remains a difficult disease to study. There are few data sources that reliably report recurrences, especially given the significant time delay between initial diagnosis and recurrence. Given these limitations, decision modeling had been used to project long-term outcomes in terms of breast preservation for DCIS. 30, 31 These models suggest a decrement in lifetime breast preservation with XRT, because although radiation decreases the likelihood of recurrence, mastectomy is the standard surgical procedure should recurrence occur.
CONCLUSIONS
Using multiple data sources, we present data regarding the impact of index treatment approaches at the time of local recurrence. Our results suggest that the use of radiation for index DCIS has a significant impact on surgical decision making and may influence the likelihood of complications at the time of a recurrence. Although the risk of local recurrence is significantly mitigated with the addition of adjuvant XRT after BCS for DCIS, the use of XRT can limit surgical options for the treatment of a local recurrence should it occur. However, our study found that 6.6 % of patients who had undergone BCS and radiation in the NCCN group and 20 % of such patients in the CRN group received repeat BCS. If repeat BCS is further studied and found to be an acceptable treatment in some patients with recurrence after radiation, the decrement in lifetime breast preservation with XRT noted by modeling analyses will be mitigated or reversed. 30, 31 It is not clear the extent to which patients and providers consider the long-term sequelae of these treatment options when choosing their initial treatment. However, given the lack of survival advantage with the addition of adjuvant radiation, such long-term outcomes are important considerations.
